h ospital readmissions are frequent and expensive. an unplanned readmission occurs within 30 days of discharge for 19.6% of medicare beneficiaries, at an annual cost of more than $17 billion.
1 among patients undergoing colorectal surgery, readmission is similarly common, with estimated rates reported from 6% to 25%. 2 identifying patients likely to be readmitted after colorectal surgery remains challenging.
in this study, we use a large, all-payer database of inpatient admissions to analyze the individual, procedure, and hospital predictors of readmission following colorectal surgery and to calculate the associated cost.
MATERIALS AND METHODS
Design this study is a retrospective review of data from the healthcare Cost and utilization Project (hCuP) florida state inpatient Database (siD). the siD is an all-payer inpatient discharge administrative database assembled by the hCuP, part of the agency for healthcare Research and Quality. 3 the database includes patient, hospital, diagnosis, and procedure characteristics. through use of a unique visit link, patients can be followed across time and institutions, with cost data available.
With the use of the International Classification of Diseases, 9th Revision (iCD-9) procedure codes, all discharge records with colon and rectum resections performed on patients between 18 and 95 years of age from 2007 to 2011 were identified. Patients who did not survive to discharge were removed from the cohort. Resections included in the analysis were right colectomy (17.33, 17.32 
Preprocedure Characteristics
Patient demographic information collected from discharge records included sex, age, median ZIP code income, insurance type, and race. Patient comorbidity burden was calculated as an elixhauser score, generated using the hCuP Comorbidity software, Version 3.7. 4 the elixhauser score was specifically designed for use in large administrative data sets and uses iCD-9 codes and diagnosis-related groups to identify comorbidities. 4 admission characteristics collected were indication for procedure, urgency of admission (elective or nonelective), year, and procedure performed, as classified above. indications for the procedure were determined based on all iCD-9 diagnosis codes for the admission. indications were neoplasm (153.0-153.9, 154.0-15. 4 hospital colon and rectum resection annual volumes were analyzed to categorize volume status. hospitals were classified into low-, medium-, and high-volume tertiles that each included approximately one-third of the overall resections.
Patient
Outcomes the primary outcome was readmission within 30 days after discharge. Readmissions were identified by using the hCuP supplemental Variables for revisit analyses, which provide a unique visit link to allow for each patient to be tracked at subsequent inpatient visits across time and multiple institutions. 3 the first readmission was defined as any readmission within 30 days after discharge. the reason for readmission was determined using the principal iCD-9 diagnosis code for the readmission. Reasons were grouped into 13 categories: infection (excluding wound infections), genitourinary (excluding urinary tract infection), cardiac, pulmonary (excluding pneumonia), thromboembolism, hemorrhage, Gi conditions or malnutrition, electrolyte disorder or fluid imbalance (including dehydration), ostomy or drain care (including mechanical or infectious complications as well as stoma care), fistula, pain management, ileus, or wound complication (including wound infection). the iCD-9 codes included in each category are listed in appendix 1, http://links.lww.com/ DCR/a194. other patient outcomes recorded were length of stay (los) for the initial admission, when resection occurred, and disposition at discharge from the initial admission.
Cost the charge that the hospital billed for each admission, index and first readmission, were abstracted from the siD. this charge information does not reflect the cost of services provided or the amount reimbursed. to convert billed charge information to approximate costs, we used the supplemental siD hCuP Cost-to-Charge Ratio files.
3 these files include hospital-specific cost-to-charge ratios based on all-payer inpatient costs for each hospital as reported to the Centers for medicare and medicaid services.
3 median cost and interquartile ranges (iQRs) were calculated for all cost analyses.
Statistical Analysis
Race, payer, urgency of admission, and discharge disposition categories with a small number of patients were collapsed into aggregate groups. Continuous variables, age, median ZIP income, Elixhauser score, and index admission los (above and below the median los), were categorized to enhance clinical relevance. Patients with missing characteristics or los were removed from the analysis.
Patient, hospital, admission, and procedure characteristics for those patients with readmission and without readmission were compared by using χ 2 tests. the proportion of readmissions attributable to each readmission reason was calculated as a percentage of all patients with readmissions. for each readmission reason, median values and iQRs were calculated for days to readmission, readmission los, and readmission cost. Changes in readmission over the study duration were assessed by using the Cochran-armitage trend test. Changes in los and cost of readmissions over time were calculated using the KruskalWallis 1-way analysis of variance.
univariate regression modeling of likelihood of readmission was performed. a multivariate regression model predicting readmission was created using all available patient-, hospital-, and procedure-related predictors. a sensitivity analysis of only elective admissions was performed.
statistical analyses were performed using sas statistical analysis software, version 9.3 (sas institute inc., Cary, nC). for all analyses, a p value of less 0.05 was considered statistically significant. fig. 1 ). the most common reasons for first readmission were infection (4592, 32.91%), and Gi conditions and malnutrition (1977, 14.17%) ( fig. 2) . the least common reasons for first readmission were fistula (189, 1.35%) and ostomy and drain dysfunction (224, 1.61%).
RESULTS

Preprocedure Characteristics
the median time to first readmission by principal diagnosis ranged from 4 days (iQR, 2-10) for dehydration and electrolyte abnormalities to 11 days for ostomy and drain dysfunction (iQR, 5-23). the longest first readmission los was for fistula (median, 10; iQR, 5-17), whereas the shortest first readmission los was for pain (median, 3; iQR, 2-4). over the course of the study, mean first readmission los decreased from 7.6 days in 2007 to 7.0 days in 2011 (p < 0.0016).
the overall median first readmission cost was $7030 (iQR, $4220-$13,247). the most costly first readmission reason was fistula (median, $15,174; iQR, $6725-$26,660) followed by infection (median, $8093; iQR, $4911-$15,099). the median cost for all other first readmission reasons was less than $8000. over the course of the study, mean first readmission cost remained stable (p = 0.3234).
Regression Models
the multivariate logistic regression model predicting readmission within 30 days of discharge included year of procedure, patient sex, Elixhauser score, ZIP median income category, age group, insurance type, urgency of admission, race, hospital colorectal resection volume, procedure type, presence of a stoma, procedure indication, disposition at time of discharge, and index admission los. univariate and multivariate oRs are displayed in table 2. after adjustment, median ZIP income was no longer a significant predictor of likelihood of readmission. after adjustment, predictors of readmission were resection in 2009, elixhauser score ≥2, medicare or medicaid, nonwhite race, age <65, resection at a high-volume institution, all procedure types compared with sigmoid colectomy, the presence of a stoma, indication of ischemia, volvulus or obstruction, iBD, Gi bleed or other, discharge disposition other than home without services, and index admission los greater than 1 week.
Elective Admissions
During the study period, 52,955 patients underwent elective colorectal resections. the readmission rate among elective patients was 12.50% (6619 patients). the elective resection population was more homogenous, with no significant differences in sex and race between those readmitted and not readmitted. the most common reasons for first readmission among patients undergoing elective resection were infection (2153, 32.53%), and Gi conditions and malnutrition (1114, 16.83%) ( fig. 3) . the first readmission reasons with the shortest and longest days to readmission were Gi conditions and malnutrition (median, 5 days; iQR, 2-10), and ostomy and drain care (median, 15 days; iQR, 6-24.5). the most costly reason for first readmission after elective admission was fistula (median, $14,019; iQR, $6556-$24,274). the least costly reason for first readmission was electrolyte disorders and fluid imbalance (median, $3774; iQR, $2346-$5513).
univariate and multivariate logistic regression models predicting readmission among patients undergoing elective resection were performed (table 3) . after adjustment, predictors of readmission among patients undergoing elective resection were elixhauser score ≥2, nonprivate payer, age <65 years, resection at a high-volume center, any resection other than transverse colectomy or sigmoidectomy, presence of a stoma, resection for ischemia, volvulus or obstruction, iBD, or other indication, discharge disposition other than to home without services, and los greater than 1 week. and a median first readmission cost of $7030. some of the predictors of readmission identified in our study are clinically unsurprising. Patients with higher comorbidity, nonsigmoid resections, relapsing conditions, and prolonged los were more likely to return to the hospital. these characteristics define a high-risk, complication-prone population. less predictably, younger age was associated with increased likelihood of readmission. nonwhite race was slightly, but significantly associated with readmission. even when controlling for multiple patient and procedure variables, high hospital caseload was associated with higher rates of readmission. Reduction in readmission is a clinical, financial, and political priority. in surgery, this equates to minimizing postoperative complications, readying patients for discharge, and ensuring adequate outpatient care. studies of readmission in colorectal surgery have been performed as institutional reviews, analyzing patient and operative level variables not available in this administrative database. higher estimated blood loss, longer operative times, preoperative weight loss, obesity, contamination of the operative field, and not air-testing anastomoses are associated with colorectal readmissions. [5] [6] [7] [8] [9] administrative database studies have documented the associations between readmission and nonwhite race, nonelective operation, longer los, increased comorbidities, and procedure type, but have generated conflicting results regarding the impact of age and sex. 5, [10] [11] [12] [13] [14] [15] Both large database studies and smaller institutional reviews have found stoma creation and postoperative complications to be associated with readmission. 5, [8] [9] [10] [12] [13] [14] a recently published analysis of readmissions after colorectal resection performed by Damle et al 16 identified a 13.7% 30-day readmission rate. Predictors of readmission were longer los, presence of a stoma, and discharge to facilities. 16 Readmissions were associated with a doubling of hospital costs. 16 unlike our study, this analysis was limited to patients undergoing resection at academic hospitals and restricted the indications for procedures. 16 as such, our analysis includes a broader range of practice settings, including patients undergoing resections in the community setting without post colectomy clinical pathways.
DISCUSSION
Year 2007 ---------------------Ref--------------------- ---------------------Ref-----------------------------------------Ref--------------------- ---------------------Ref---------------------Female 1.035 0.998 1.073 0.988 0.952 1.026 Elixhauser score 0-1 ---------------------Ref--------------------- ---------------------Ref--------------------- ≥21.944 1.866 2.027 1.381 1.318 1.447 ZIP income Lower 1.062 1.024 1.102 0.972 0.936 1.010 Upper---------------------Ref--------------------- ---------------------Ref--------------------- Age ≤64 0.807 0.778 0.837 1.200 1.123 1.281 >64 ---------------------Ref--------------------- ---------------------Ref------------------------------------------Ref--------------------- ---------------------Ref--------------------- Other---------------------Ref--------------------- ---------------------Ref---------------------
--------------------Ref------------------------------------------Ref---------------------Volume cluster Low ---------------------Ref------------------------------------------Ref---------------------
.236 Sigmoid colectomy ---------------------Ref------------------------------------------Ref---------------------
--------------------Ref------------------------------------------Ref---------------------
--------------------Ref------------------------------------------Ref---------------------Index admission length of stay 1 wk or less ---------------------Ref------------------------------------------Ref---------------------
Readmissions are detrimental to long-term patient outcomes. analysis of over 40,000 patients with colon cancer found that 11% were readmitted after colectomy. the adjusted oR of mortality for those patients was 2.44 (95% Ci, 2.25-2.65), similar to the impact of stage iii versus stage i disease. 10 furthermore, readmissions contribute to disparities in surgical outcomes, with patients in racial minorities readmitted more frequently after surgery. 17 our study extends previous work on colorectal surgery readmissions by using administrative data combined with unique variables to allow analysis of revisits. in addition, we analyzed factors including patient race, hospital surgical volume, and socioeconomic and insurance status. We found that nonwhite race was associated with readmission after multivariate adjustment. hospital and patient variables are involved in this discrepancy. Black patients are more likely to undergo surgery at low-volume hospitals and to have more complicated presentations. 18 analysis of 250,000 black medicare beneficiaries undergoing colectomy found that black patients had more comorbidities and were more likely to undergo urgent operation relative to white patients. Black patients were also treated at different hospitals; two-thirds of black patients were treated at 20% of the study hospitals considered "minority-serving hospitals." Both black and white patients treated at these hospitals were significantly more likely to be readmitted, and hospital variables explained 35% of the racial disparity in post colectomy readmissions. 17 in our study, patients with nonprivate insurance were significantly more likely to be readmitted. in particular, medicaid-insured patients were the most likely to be readmitted. this may reflect difficulty of these patients, relative to privately insured patients, to be seen in outpatient follow-up, obtain supplies or medications, and secure the necessary social support for recovery, and also may be indicative of an increased burden of primary disease or comorbid conditions. surprisingly, we identified age less than 65 years as associated with readmission after adjustment for other variables. this may be due to a higher acuity of illness in the younger population, particularly those with iBD, as well as an aversion to decline operation on sicker young patients. the use of administrative data prevents adjustment for disease severity within a given diagnosis code. older patients in extremis or with debilitating chronic illnesses may not be offered surgery owing to the expectation of poor outcomes and short life expectancy or may decline operative intervention, whereas younger patients may be offered or choose a more aggressive management strategy. in addition, insurance status may play a role. although many younger patients have access to private insurance, those who are most ill are often unable to work and are uninsured or have medicaid. Both of these may impede their access to preventative and outpatient follow-up services.
in our study, high-volume hospitals had higher rates of readmission. this is in contrast to 2 large studies of surgical readmission among medicare patients. tsai et al 19 analyzed over 400,000 medicare beneficiaries undergoing 6 surgical procedures, including colectomy, and found readmission rates to be consistently inversely associated with surgical volume. similarly, Greenblatt's 2010 analysis of patients undergoing colectomy for cancer in the surveillance, epidemiology, and end Results medicare database found higher-volume hospitals to be associated with lower rates of readmission. 10 Conversely, large, academic, and safety-net hospitals are more likely to be penalized by the Centers for medicare and medicaid services for higher readmission rates. 20 internationally, analysis of greater than 100,000 patients undergoing colorectal surgery in the united Kingdom found no correlation between hospital or provider caseload and readmission. 15 in our population, high-volume centers may be associated readmission rates owing to a greater case complexity as referral centers or a patient population more predisposed to readmission. although some degree of complexity is adjusted for by the inclusion of elixhauser score, procedure type, and indication, these variables do not reflect the range of disease burden and associated risk levels within each individual comorbidity or primary disease category and the spectrum of intraoperative complexity within each procedure code.
further, unmeasured social factors influence whether patients are readmitted, and a vulnerable population may be overrepresented at urban, higher-volume centers. this includes patients with inadequate assistance at home or lack of timely access to a primary care physician who can manage complications before they progress and require inpatient readmission. the discrepancy in the volume effect between our analysis and previous studies may be due to the inclusion of cases regardless of payer, whereas the above-mentioned studies reflect the experience of caring for the medicare population.
ultimately, many factors associated with readmission are nonmodifiable-race, age, comorbidity, extent of procedure, and indication for procedure. in these higher-risk patients, preoperative optimization and patient selection, especially in the setting of elective resections, should occur. Patients whose initial admissions are complicated may benefit from a longer initial los to maximize the likelihood of identifying future complications. in addition, outpatient follow-up should be more proactive and frequent to identify postoperative complications early so outpatient management is feasible. similarly, because discharge to a facility or with services is associated with readmission-likely because of the frailty or complexity of these patients-further efforts should be made to enhance communication between the surgical team and these care providers after discharge. finally, medicare and medicaid are associated with readmissions for the above-mentioned reasons. improving access to care for these patients could reduce disease severity at the time of presentation and facilitate the outpatient management of postdischarge complications.
our study has several limitations. analysis of billing code data is subject to errors in patient classification and coding. furthermore, the limits of the iCD-9 system make it difficult to determine important surgical variables -specifically laparoscopic versus open surgery in the early years of our study -important indications for readmission, particularly anastomotic leak, whether comorbidities and complications predated the surgical procedure, and disease severity. Beyond iCD-9 procedure codes, intraoperative data are not available, including operative time, anatomic challenges, operative technique, intraoperative complications, asa classification, and stability at the time of procedure completion. With regard to our primary end point, although readmission is an increasingly scrutinized metric of surgical quality, it is not uniformly associated with surgical morbidity or mortality. 21 Despite these limitations, this study expands the current understanding of colorectal surgery readmissions. it highlights established risk factors for readmission, but also identifies less commonly studied factors in colorectal surgery including race, insurance status, and hospital volume. our study also shows that, despite professional and political pressure for their reduction, colorectal surgery readmissions are not decreasing in frequency and continue to be prolonged and costly. this study highlights the remaining work to be done in preventing surgical complications, identifying patients in whom treatment is likely to fail at discharge, improving the transition to outpatient care, and rectifying disparities in surgical outcomes for different patient groups.
Readmission after colorectal surgery is common, and expensive. Despite years of increasing scrutiny of surgical quality and cost metrics, readmissions were no less common over time while becoming longer and tending toward higher costs. these data reflect an ongoing challenge in preventing postoperative complications, identifying patient readiness for discharge, and successfully transitioning patients to outpatient care.
